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Abstract
Morbidity and mortality data (MMD), as the traditional measure of surgical performance, have major limitations when
used to assess and ensure quality of surgical performance. To improve and ensure the safest possible surgical perfor-
mance, there is a need for prospective observational multidisciplinary studies, for which surgeons and human factor
specialists should work together towards this objective. These considerations have led to the development of new
systematic approaches for assessing and improving surgical operative performance. One of these is human reliability
analysis (HRA), which eventually progressed to observational clinical human reliability analysis (OCHRA). HRA tech-
niques are widely used in the risk management of safety-critical systems, e.g. nuclear power industry, aviation industry,
and military operations. HRA techniques determine the impact of human error within a system. Surgical complications
are related to techniques and result from errors most commonly committed during the intervention. Therefore, these
errors can be influenced, i.e. deducted, by an HRA system that proactively reduces risk by preventing errors during
human activities to the ‘as low as reasonably possible’. Two major limitations of OCHRA are its labour-intensive nature
and the requirement for human factors engineering expertise in the assessment. These issues will be resolved in the
short term by the significant progress based on artificial intelligence and machine learning, alongside with increased
clinical use of OCHRA in surgical practice and health care in general.
Keywords: patient safety; surgical performance; medical error; human error; simulation-based training; observational
clinical human reliability analysis (OCHRA)
Introduction
Surgery has advanced significantly over the last 40 years. A
pertinent example is the remarkable evolution of the devel-
opment and use of minimal access surgery and robotic sur-
gery.1,2 New procedures are continuously being developed
and performed for enhanced patient benefit and improved
health care systems. Moreover, new approaches involve use
of new techniques and technologies such as transanal total
mesorectal excision using robotic-assisted laparoscopic sur-
gery.3 Because of these changes, these developments inevi-
tably lead to added complexity and increased difficulty of
execution. New complications associated with new proce-
dures are directly related to suboptimal technique and
resulting errors most commonly committed during the
intervention, which were not enacted beforehand.4,5
Inevitably, there is always a proficiency-gain curve asso-
ciated with performing a new procedure using a surgical
approach or technology.6
According to a recent study, more than 250,000 people in
the United States die every year from medical errors,
making it the third leading cause of death after heart disease
and cancer.7 Surgery contributes to 48% of all adverse
events and to 13% of all hospital deaths.8 Surgeons have
been identified as a risk factor that contributes to surgical
errors that lead to morbidity and mortality.9,10 Morbidity
and mortality data (MMD) are traditionally used to assess
the quality of surgery.11 However, MMD have not enabled
surgeons to prevent or reduce surgical errors. Hence, there
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is an unmet need for urgent development of new tools and
approaches to objectively assess and improve surgical per-
formance in both clinical practice and surgical training.
Limitations of MMD and the way forward
The approaches developed and applied to measure and
ensure the quality of surgical performance have become
crucial in determining patient outcomes after surgery.
However, MMD, as the traditional measure of surgical per-
formance, have major limitations when used to assess and
ensure quality of surgical performance. First, they do not
identify factors, such as errors enacted during the preopera-
tive, intra-operative and postoperative periods, which are
responsible for specific complications. Second, MMD do
not correlate specific complications with technical errors.
This information is crucial for improving surgical perfor-
mance12 as patient outcomes of surgery are mostly surgeon
related. In this respect, surgeons have been identified as a
risk factor in patient safety.10 Third, there are several other
factors associated with surgeons’ competence that have an
impact on patients’ postoperative outcomes, such as non-
technical skills.13 Fourth, the main disadvantage of MMD is
its retrospective nature, such that the problem(s) are identi-
fied during audit and hence unfavourable clinical outcomes
are not prevented and continue to accumulate, even when
the audit is in progress. MMD only partially provide key
information on learning opportunities to prevent or reduce
the risk of future adverse events.12 Therefore, to improve
and ensure the safest possible surgical performance, there is
a need for prospective observational multidisciplinary stu-
dies, and surgeons and human factor specialists should work
together towards this objective.12 These considerations have
led to the development of new systematic approaches for
assessing and improving surgical operative performance.
One of these is human reliability analysis (HRA), which
eventually progressed to observational clinical human relia-
bility analysis (OCHRA).14
HRA and OCHRA
HRA techniques are widely used in risk management of
safety-critical systems, e.g. the nuclear power industry, the
aviation industry, and military operations.15 HRA techni-
ques determine the impact of human error within a
system. The techniques involved are mainly those of systems
for engineering, cognitive and behavioural science to ana-
lyse, evaluate, and understand the human contribution to a
system’s reliability and safety. Common steps of the HRA
process consist of problem definition and specification of
the plan for the task analysis, task modelling, human error
identification and analysis, human error quantification, and
error management recommendations.15,16 If surgery is
regarded as one of the high-risk specialities, surgical com-
plications are related to techniques and result from errors
most commonly committed during the intervention.
Therefore, these errors can be influenced, i.e. deducted, by
an HRA system that proactively reduces risk by preventing
errors during human activities to the ‘as low as reasonably
possible’ (ALARP region).12
OCHRA was developed 20 years ago at the Surgical Skills
Unit (SSU) within the Department of Surgery and
Molecular Oncology some 2 years after the first laparoscopic
cholecystectomy in the UK was performed by Professor Sir
Alfred Cuschieri in May 1987 at Ninewells Hospital and
Medical School, University of Dundee, UK. The idea of
OCHRA originated from Professor Cuschieri.17 Dr Tang
did the original research in translating HRA to OCHRA
for his doctoral thesis some 20 years ago and is an expert
in human factors.14 The SSU was established by Professor
Sir Alfred Cuschieri with funds donated by Lord Wolfson
and matched funding by the Department of Health and
Social Security. It was the first laboratory of its kind in
the UK and Europe and is now called the Cuschieri Skills
Centre. Its primary remit was to train surgeons in the safe
conduct of laparoscopic surgery to avoid the spate of opera-
tive iatrogenic injuries, including deaths on the table wit-
nessed between 1988 and 1990. SSU was awarded the
Queen’s award for higher and continued education in 1999.
The advantages and future of OCHRA
OCHRA and related studies have been presented at major
international surgical meetings, including congresses of the
European Association of Endoscopic Surgeons, the Society
of American Gastrointestinal Endoscopic Surgeons,
Association of Surgeons of Great Britain and Ireland,
Society of Academic and Research Surgery, and the
American College of Surgeons. One significant advantage
of error classification is the insight it provides into the
nature of error itself, which clarifies its root cause, i.e.
why it occurred. This is fundamentally important for
improving both patient safety in clinical practice and surgi-
cal training by error analysis.6,14,18 We have advocated that
the proficiency-gain curve and surgical errors should be
transferred from operating theatres and patients into surgi-
cal skills training labs and onto simulators. A wide range of
simulation-based surgical training approaches have been
developed and applied in surgical training curricula based
on evidence.19
Despite the benefit of human error analysis and its role in
the causation of adverse events, human error classification
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has not been included in the International Patient Safety
Classification conceptual framework,20 presumably because
HRA techniques have been infrequently used in health care
practice. Despite being the only method of providing objec-
tive assessment of performance of an operation by any sur-
geon, its uptake as confirmed by a systemic review,21 has
been disappointing. Hence, the benefits of OCHRA in
improving both surgical training of residents and surgical
performance by established specialist consultant/attending
surgeons will only materialize fully with increased usage.
In addition, the benefit of OCHRA for optimizing patient
safety is contingent on continued research and development
of the technique to overcome its current limitations. Two
major limitations of OCHRA are its labour-intensive nature
and the requirement for human factors engineering exper-
tise in the assessment. However, these issues will be resolved
in the short term by the significant progress based on arti-
ficial intelligence and machine learning,22 alongside
increased clinical use of OCHRA in surgical practice and
health care in general.23
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